The rainfall input to a rainfall-runoff model was arbitrarily increased and decreased in order to determine the magnitude of corresponding changes in optimized values of the model parameters. The optimized capacities of moisture stores representing surface storage capacity of a catchment changed by average amounts of +24% and -20% as rainfall input was changed by + 10% and -10%, respectively. Values of other parameters showed changes of similar magnitude, but there was no uniformity in the magnitude of induced changes from catchment to catchment. The results cast doubt on the validity of relating op timized values of model parameters to physical characteristics of catchments.
Introduction
Areal rainfall data used as input to rainfall-runoff models cannot be estimated with accuracy from the normal raingauge network over Australia. There are some instrumental errors in the measurement of point data and errors in making estimates of areal rainfall from the point measurements. Tauman el al. (1980) compared the common Australian 203 mm rain gauge with the World Meteorological Organization reference pit gauge at four locations in Australia and two in Papua New Guinea. Daily rainfall totals in the Australian rain gauge averaged 7-8% higher than the reference pit gauge for small falls (0-1-1-0 mm) and averaged 2-3% lower for falls greater than 3-1 mm. The overall catch of the Australian gauge, using all falls at all six stations, was 2-0% less than the reference pit gauge. The catch of the Australian gauge was found to reduce.with in crease in wind speed by 1-5% for each metre per second increase in wind speed.
Other factors affecting the measurement of point rainfall in rain gauges have been intensively investigated over many years (Spreen 1947; Kurtyka 1953; Hutchinson 1968; Rodda 1971; Boughton 1981 (Fig. 1) , were used in the study. Details of the catchments are given in Table 1 . A detailed description of each catchment is given in Sefe (1981) . The results of a study (Sefe 1981) of five different techniques for estimating areal rainfall from point rain gauge records showed that the Areal Reduction Factor (ARF) technique (Rodriguez-Iturbe and Meija 1973) gave least errors for the catch ment sizes and location of the study area. The ARF technique was therefore used to give a best estimate of the true areal rainfall for input to the rainfall-runoff model.
The model used in the study is a version of the Boughton model (Boughton and Simpson 1978; Boughton 1981) . The model structure is shown in Fig. 2 , and the model parameters are listed in Table 1 . The model uses daily rainfall data and estimates of daily evapotranspiration to calculate daily volumes of runoff. The parameters listed in Table 2 were optimized using the steepest descent procedure, as modified by Johnson and Pilgrim (1973) , to minimize the sum of squares of differences between monthly totals of estimated and observed runoff. Table 3 . 
Discussion
The results in and averaged 10%, 13%, 19%, and29% forTenthill, Flagstone, Buaraba, and Laidley catchments, respectively. It is highly unlikely that the maximum change found in a small sample of five catchments in a single study area is the maximum possible change; so larger variations than occurred on Fifteen-Mile Creek seem possible. The sum of USMAX and DRMAX represents the surface storage capacity of a catchment. Table 4 shows how the sums of the optimized values of these parameters change due to increases or decreases in rainfall input where the runoff output is fix ed. When rainfall data were increased by 10%, the optimized sums of USMAX and DRMAX were increased by an average of 24% in order to keep the estimated runoff volumes as near to recorded runoff as possible. Similarly, when rainfall data were decreased by 10%, the optimized sums of USMAX and DRMAX were reduced by an average of 20% to compensate. It is noteworthy that the induced errors in optimized values of these parameters are likely to be twice as great as the errors in rainfall data. Table 3 shows that the induced errors in other model parameter values are of similar magnitude. 24-6 (+14%)
22-6 ( + 59%) 22-4 (+10%) 32-3 ( +9%)
Average: +24% 12-5 (-21%) 150 (-31%) 12-0 (-16%) 18-8 ( -7%) 22-8 (-23%) Hall and Barclay (1975) Table 3 .
Where parameter values have been fixed by calibration or other methods, there will be errors in estimates of runoff produced by the model if there are errors in the rainfall data used to make the estimates of runoff. When the rainfall data were changed by ± 10% in this study, changes in the total volume of runoff were noted (i.e. using the previously calibrated parameter values) before the parameters were reoptimized for the new rainfall input. The results are shown in Table 5 . Nine of the 10 changes in total volume of runoff are greater than 20% for a change in rainfall input of 10%. The percentage change in estimated runoff, due to 10% change in rainfall input, will be different in areas that are wetter or drier than the study area, and no general relationship is suggested. However, the results confirm earlier results by Boughton (1981) that errors in estimated runoff can be much higher than the errors in rainfall input.
Conclusion
Information available in published literature shows that errors of 10-20% in estimating areal rainfall over a catchment can be regarded as normal, and errors up to 60% can occur with strong winds or in mountainous catchments.
The effect of errors in rainfall data on the optimized values of parameters in a lumped-parameter rainfall-runoff model were studied by deliberately making changes of + 10% and -10% to the rainfall data. Using data from five catchments, 88-455 km2 in area in south-east Queensland, it was found that errors of ± 10% in rainfall input can produce changes of much higher magnitude in optimized parameter values. Changes in optimized parameter values averaged 49% on one catchment due to a ± 10% change in rainfall. The sums of the capacities of the two moisture stores which simulate surface storage capacity in the model were found to increase by an average of + 24% when rainfall was increased by 10% and by an average of -20% when rainfall was reduced by 10%.
If the estimates of 20-40% error in determining areal rainfall are correct, then it seems unlikely that mathematical optimizing of parameter values in lumped-input models will lead to values that have any reliable relationship with physical characteristics of the catchment areas. Sensitivity analyses of the effects of errors in rainfall data on rainfall-runoff models seem desirable.
